Urban water management policy in Japan, with examples from Fukuoka city, is described and the potential for sustainability of Fukuoka's urban water system is discussed. A framework of the qualitative characteristics of a sustainable system (including social, environmental and economic factors) is developed and used in the analyses presented here. The Fukuoka example shows that technically advanced solutions for use of reclaimed water and rainwater in buildings can be practically and economically feasible. Regarding the organization it is shown that the wastewater sector has a somewhat lower status than the water sector. It is argued that merging the water and wastewater sectors could stimulate the development of a holistic approach to urban water management, contribute to increasing resources availability for the wastewater sector and, in this way, the overall sustainability of the urban water system. Tackling water shortages through controlling water demand, investments in increasing water distribution efficiency and utilization of reclaimed water and rainwater in Fukuoka are all in line with increasing sustainability of the urban water system.
Introduction
Currently, conventional urban water systems (water supply, wastewater and storm water management) are in many countries being exposed to a major rethink. New demands, originating in the principles of sustainable development (WCED, 1987; UN, 1992) , are being put on the urban water and wastewater sector. These demands often cannot be fulfilled by conventional structures, both technical and organizational. New demands include increased recycling and reuse of all resources involved, including energy (to tackle real and potential resource deficiencies and to lower emissions), doi: 10.2166 /wp.2008 .064 Water Policy 10 (2008 [501] [502] [503] [504] [505] [506] [507] [508] [509] [510] [511] [512] [513] q IWA Publishing 2008 achieving better environmental quality (lower emissions to water and air, including CO 2 emissions), and additional benefits from the urban water system (e.g. urban amenity and recreation). This calls for a redesign of technical parts of the system, as well as changing managerial schemes to facilitate a sustainable system. The alternative managerial schemes should stimulate increased sustainability within the urban water system and facilitate use of novel technologies.
Many countries have institutionalized sustainable development, at least theoretically (Harding, 2006) . Now decision makers are facing the task of choosing new elements of an urban water and wastewater system in order to fulfil the additional demands. Still, there is no agreement on what exactly a sustainable urban water system is. What is generally agreed upon is that sustainable development involves simultaneous satisfaction of a set of factors commonly including social, environmental and economic factors, in contrast to development governed by economic principles which does not give enough concern to the quality of life, equity and environmental issues. In this paper, as well as the abovementioned factors, we also recognize the role of organizations in enabling the development of a sustainable urban water system. Additionally we propose a flexibility factor to be considered in the analysis of urban water systems' sustainability. It is considered that the more flexible the system is the higher potential it has to constantly develop in a sustainable way. Flexibility describes the system's potential to allow incorporation of new knowledge, use of new technologies and adaptation to external changes (e.g. technology, society or climate change). Therefore, in our analysis we consider the quadripartite nature of a sustainable urban water system: a system that is flexible and continuously develops to satisfy social, environmental and economic factors. In this article the words sustainable and sustainable development are used interchangeably and mean not a state but a dynamic system in change.
To fulfil its role, an urban water system needs to be suited to a particular locality and time. With this in mind we present an example of an urban water system from Fukuoka, Japan-a big city with limited water resources-and discuss different aspects of its sustainability. A number of factors originating in the proposed quadripartite nature of sustainable urban water systems (satisfying the needs of users, resource management and environmental impact, the role of administrative organization and economy in development of the system and its performance) are used to qualitatively characterize the potential sustainability of an urban water system from Fukuoka, Japan.
Water resources and water policy in Japan with examples from Fukuoka City
Japan is often seen as a country of advanced technology and efficiency, living side-by-side with traditions. In the past, in Japan, as in other countries, careful attention was paid to resource reuse driven by necessity. Thus, for example, toilet waste was collected in towns and applied as fertilizers to paddy fields. Waste was not discharged to surface waters. A century ago visitors to Japan from European countries, at that time undergoing rapid industrialization and urbanization, were astonished by how clean the Japanese rivers were. Today, a visitor's first observation (unless coming in a rainy season) is that of large, concrete, riverside embankments and low flows of water. More than 80% of Japanese rivers are regulated. This characterizes Japanese water resources well: high levels of storm runoff from urban areas (typically characterized by 70% or more hard surface) during the rainy season and low flows during the rest of the year. Indeed, although there is substantial annual rainfall, many large cities in Japan have to carefully plan water supply to cover the high water demand (Ogoshi et al., 2001) . Stress on water resources is high in Japan because of its large population. At the same time seasonal high levels of storm runoff call for sufficient flood control measures. Droughts are not uncommon, causing cities to suffer from water shortages. Careful water management is a must in many Japanese cities; Fukuoka City is an example of a city with a lack of sufficient water resources and advanced technologies to cope with such deficiencies.
In Japan water supply and wastewater management is governed by public organizations. Water supply is under the jurisdiction of the Ministry of Health, Labour and Welfare and wastewater management is regulated by the Ministry of Land, Infrastructure and Transport. This division spreads from the top down and in Fukuoka, as well as most other municipalities, water and sewage departments are different units. An important factor making the difference more pronounced is that, according to the law, drinking water supply should function on the self-paying principle including water intake, transport, treatment and the salaries of employees. The water department itself suggests a water price according to all involved costs; this price must later be approved by politicians (local parliament). In contrast, wastewater charges cover the costs of maintenance of the sewage network and wastewater treatment exclusively. The workers are employed by the municipality and paid from the municipal budget; in other words their salaries are not dependent on sewage charges. However, at present, in Fukuoka City, the salaries of the employees of both water and sewage departments are kept at corresponding levels.
Generally, in Japan, regional authorities (prefectures) carry the responsibility for preparing water policy; however, large municipalities can be made autonomous with regard to water policy planning and Fukuoka City is such an example.
Fukuoka City is situated in south-west Japan on the Kyushu Island. The average annual precipitation in the Fukuoka region is 1,600 mm; the early summer rainy season is in June-July. Fukuoka's water resources are insufficient: its rivers are small and groundwater use is largely limited by salt water intrusion caused by groundwater pumping. In the past 100 years, the citizens of Fukuoka have experienced severe water shortages 11 times. The last two droughts took place in 1978 and 1994 when the water supply was restricted for approximately 290 days.
The water shortage problem is tackled by the Fukuoka municipality from different perspectives including:
. measures for controlling water demand . investments in increasing water distribution efficiency . water transfer . development and utilization of alternative water sources (desalinized seawater, reclaimed water and rainwater).
Measures for controlling water demand
Measures for increased water use efficiency by consumers include promotion of water saving equipment (water saving taps available free of charge from municipality) and campaigns to increase water saving awareness. Water cost policy is used in support of lowered water consumption. According to that policy the cost of water increases rapidly as the amount of water usage increases. The average drinking water cost is estimated to be 234 yen per m 3 (e1.46 on 8 April 2008); the price paid by a consumer depends on water consumption and varies between 17 and 542 yen per m 3 (e0.11-3.37). Additionally, the consumer is charged a network fee. For a household consuming 25 m 3 water per month (water meters are used) the average price is 160 yen per m 3 (e1.00) including the network fee. Together with the water fee a wastewater fee of an approximately equal amount is charged. The wastewater fee is also dependent on water consumption. The municipal agency responsible for water supply is the Fukuoka City Waterworks Bureau (FCWB) and that responsible for wastewater is the Fukuoka City Sewage Works Bureau (FCSWB). They serve a population of about 1.4 million people (FCWB, 2005) .
Another measure to reduce the consumption of mains water is a regulation enforcing the use of alternative water sources (i.e. rainwater, reclaimed wastewater) for flushing toilets in large buildings. Reclaimed water can be purchased from Fukuoka City. A water reclamation system and two example buildings in which reclaimed water is used are described in the section on reclaimed water and rainwater below.
Investments in increasing water distribution efficiency
Efficiency of the water supply system in Fukuoka City is as high as 97% (FCWB, 2005) , improved from 61% in 1956. The improvement of efficiency was achieved by a major change in the water management system mainly through connecting six drinking water purification plants in Fukuoka City, as well as the distribution nets into one system. This system covers water deficiencies in one area by supplying water from other areas. The system is controlled from a Water Distribution Control Centre (WDCC). Water supply and pressure in the net is continuously monitored and adjusted to suitable levels. To minimize water leakage, inspections of the water supply net are carried out using a sound detection method.
Water transfer
About one-third of Fukuoka City's water is supplied from the Chikugo River, which is situated outside the Fukuoka City administrative area. Water is transferred not only to Fukuoka City but also to neighbouring municipalities. In 1973, when the plan for water transfer from Chikugo River to Fukuoka City and neighbouring municipalities was set, the Fukuoka District Waterworks Agency (FDWA) comprising eight cities and nine town districts was established. The aim was to avoid duplicate investments (by each municipality) and to create effective placement of facilities and thus efficient water use.
2.4. Development and utilization of alternative water sources 2.4.1. Desalinized seawater. Construction of a desalination plant was decided upon as an extension of water resources development projects. The desalinization plant was constructed and runs under the management of the FDWA which is responsible for development of so-called "new water resources". The seawater desalinization project has been developed to supply cover for water shortages but also as part of a self-help programme improving the image of Fukuoka City and surrounding areas, which rely heavily on water transfer from the Chikugo River.
The plant started operation at the beginning of 2005 and supplies at maximum capacity 50,000 m 3 /day. It is the largest desalination plant in Japan. The investment cost was about e29,000 million and was covered with substantial help from subsidies from the central government. The plant includes a seawater intake system, ultra filtration membranes for pre-treatment and reverse osmosis membranes for desalinization. Additionally, a system for energy recovery is applied lowering energy consumption by 20%. High salinity water mixed with treated wastewater from the closest municipal wastewater treatment plant is discharged to a marine recipient: Hakata Bay. Desalinized water is introduced to the drinking water network through the closest drinking water treatment plant.
2.4.2. Reclaimed water and rainwater. Use of alternative water sources (rainwater and reclaimed water) in large buildings is enforced in Fukuoka City by municipal legislation (Fukuoka City Water Saving Promotion Regulation). Additional regulation has been enforced for the utilization and costs of reclaimed water (Fukuoka City Treated Wastewater Reuse Project Regulation). According to the regulations public buildings with a floor area larger than 5,000 m 2 (in certain downtown areas larger than 3,000 m 2 ) or a water supply pipe larger than 50 mm are required to implement a double water distribution system and to use reclaimed water and/or rainwater for toilet flushing. At present reclaimed water is supplied to about 270 places, two of them (Fukuoka Dome and Fukuoka ACROS) are used as examples in this paper. In addition to flushing toilets in large buildings reclaimed water is used for irrigation of green urban areas and street cleaning. Two reclaimed water treatment plants are in operation in Fukuoka City: Chubu area plant (in operation since 1980, current capacity 6,300 m 3 /day, service area 917 ha) and Tobu area plant (in operation since 2003, current capacity 1,600 m 3 /day, service area 248 ha) (FCSWB, 2004) . Both reclaimed water plants receive secondary treated wastewater (after biological treatment with activated sludge). At the reclamation plant the secondary wastewater passes through the following treatment steps: chemical precipitation, ozonation, sand filtration (replaced by biological filtration at Tobu plant) and final chlorination with hypochlorite. Reclaimed water is distributed to points of use through a separate piping system. The reclaimed water quality requirements are set high (Municipal Regulation from December 2003) (Table 1) and are being satisfied (FCSWB, 2004) .
Reclaimed water pipes and drinking water pipes are marked in the streets and in the buildings by different colours. After construction is completed the pipes are checked to ensure that there are no crossconnections. No further checks are performed. 2.4.3. Fukuoka Dome. Fukuoka Dome is a sports arena: one of the largest indoor stadiums in Japan. It has a capacity of 50,000 visitors per event. The large roof of the building (32,000 m 2 ) is suitable for rainwater harvesting. Rainwater harvesting is thus implemented and the system consists of roof catchments, collection pipes, sedimentation tank and a rainwater storage tank with a volume of 2,900 m 3 . Before being used for toilet flushing, rainwater is treated by sand filtration and chlorination. When the water demand for toilet flushing exceeds available rainwater, reclaimed water from Fukuoka City is purchased. It is estimated by the building management staff that the water saving equipment contributes to lowering water consumption by about 10%. In Table 2 One-fifth of the total annual water consumption in the Fukuoka Dome is covered by harvested rainwater and one-fifth by reclaimed water. Reclaimed water and rainwater each covers roughly half of the water demand for toilet flushing. Considering the annual precipitation of 1,600 mm in the Fukuoka area it can be estimated that if 90% of the rainwater is harvested that would amount to 46,000 m 3 per year. However, the precipitation distribution is unequal with about 40% of annual precipitation falling in the rainy season of June and July. To store rainwater potentially harvested in June 2001 (367 mm) a two to three times larger storage tank would be required (depending on the water use in this month).
2.4.4. ACROS Fukuoka. This commercial, 14-storey-high building is used for shops, entertainment facilities, restaurants and offices. Vegetated terraces are constructed on its south sloping wall. Annual water consumption for toilet flushing in the ACROS Fukuoka building is 41,000 m 3 /year (fiscal year 2001). Of this amount, roughly 10% is provided from harvested rainwater (3,500 m 3 /year). The remaining amount (37,500 m 3 /year) is provided from reclaimed water purchased from Fukuoka City. Currently rainwater is harvested from a hard part of the roof (2,300 m 2 ) and not from the vegetated terraces; however, an expansion of catchment area by 2,000 m 2 from the vegetated terraces is planned. Rainwater storage tank capacity (600 m 3 ) and rainwater distribution tank capacity (63 m 3 ) are sufficient for the temporary storage of rainwater harvested from extended catchment areas. 
Water use in Fukuoka city
Data on water consumption in Fukuoka City, water production at the desalinization plant and reclaimed water plants is presented in Table 3 .
As discussed above, many efforts have been made in Fukuoka City to decrease water consumption. Water consumption per capita dropped between 1993 and 2003 by 38 litres per person per day (Table 3) . This is possibly due to the use of water saving equipment but also due to the provision of water from alternative sources (rainwater and reclaimed water is used in many public buildings thus decreasing the demand for mains water). Additionally a new private water supply business is emerging in Fukuoka City. Private water companies provide individual groundwater intake and treatment systems for use in public and large private office buildings so that the costs of water uptake and treatment are kept below the municipal water price. Groundwater can be used at no charge. This in turn could become a potential threat for municipal water cost policy and might force the municipality to lower water charges for large consumers.
Despite efforts to decrease water use in Fukuoka City the average daily water consumption per capita remains large (Table 3) . Behind this lies cultural factors (for example frequent baths, more than one toilet flush during one toilet visit) but also technical factors (for example volume of water used for one toilet flush, volume of water used in a washing machine). Relaxing in water is a Japanese custom andespecially for young people-taking two baths a day is not uncommon. Another cultural custom influencing water consumption is the method of toilet use. To cover the natural sounds during its use a toilet is flushed a few times: the sound of falling water prevents other people from hearing the sound accompanying toilet use. An efficient water saving tool, installed widely in public buildings, is an electronic device simulating the sound of falling water which saves water otherwise used for additional toilet flushes. The appreciation of cleanliness may also lie behind the generally large water consumption in washing machines, which use about 200 litres of water per wash.
Changing behaviour in order to lower water consumption may be difficult; changing technical equipment is potentially easier to implement, presuming that alternative technical equipment and financial resources are available. The effect of the use of other flush systems in toilets on water consumption is discussed below.
A water-saving toilet used in Fukuoka City by a majority of the population consumes between 10 and 8 litres of water per flush. Older toilets use about 16 l of water per flush (T. Momota, Fukuoka City Water † Not included in the water supply amount from the municipal waterworks which is responsible only for distribution of drinking water.
Distribution Control Centre, personal communication, 2006). In some countries water-saving toilets using 6 l of water for a big flush and 4 l for a small one (or less) are available (Petersens et al., 2001) . A potential decrease in water consumption in Fukuoka City achieved by replacing water-saving toilets using 8 -10 litres per flush with water-saving toilets equipped with big and small flush mode of 6 and 4 litres of water, respectively, is estimated. It is assumed that a person uses a toilet five times a day and that among these one flush is big and four small. It is further assumed that, in the studied case from Japan, during half of the toilet visits the flush is used twice. Current water use is estimated as follows: 1,366,000 £ (9 £ 5) £ 1.5/1,000 ¼ 92,205 m 3 /day (population times water use for one flush (litres) times number of flushes daily increased by 50%).
Potential water use after changing toilet type is estimated as follows: 1,366,000 £ (6 £ 1 þ 4 £ 4) £ 1.5/1,000 ¼ 45,078 m 3 /day. A potential daily water saving of 47,000 m 3 (12% of average daily demand) could be achieved by changing to a water-saving toilet type. This amount of water corresponds to the daily production of water from the desalinization plant. Results obtained by Zongxue et al. (1998) in the analysis of performance risk for the Fukuoka water supply system also indicated that water savings of between 5 and 12% or daily production of desalinized water of 30,000 m 3 or more would efficiently decrease the performance risk of the Fukuoka water supply system.
What is a sustainable urban water system?
Before discussing the sustainability of the urban water system in Fukuoka City, the framework for the discussion is set and the chosen qualitative criteria to characterize a sustainable system are given.
An urban water system as a whole does not only involve a technical system but also involves the surrounding material and legal realities (Czemiel Berndtsson & Hyvönen, 2002 ). An urban water system is dependent on the context in which it is functioning. An urban water system consists of/is influenced by:
. water resources-rainwater, surface water, groundwater, and marine water, recipient of used water . technical infrastructure to manage water flow into, within and out of the urban area, and technical infrastructure to adjust water quality appropriately to water uses and to treat used water before discharging . policies, regulations, and organizations controlling/managing the system . ownership and economy issues . system's users through their needs and demands but also through their influence on the system's performance (e.g. water consumption and wastewater quality).
With regard to what is included in an urban water system, a possible set of demands on a sustainable urban water system is suggested as follows:
. Basic functions (service for society): manages water resources, provides water of quality suitable for uses; removes used water from point of use and adjusts its quality depending on disposal/reuse; protects urban area from floods and the effects of droughts. . Use of natural resources (environment): all resources flowing within the system receive attention and efforts are made to reuse and to close loops of element flows, minimize waste and energy consumption; consideration of future generations' use of natural resources and good quality environment.
. Economy and organization: economically self-sufficient in the short run (able to finance system's maintenance, able to benefit from large-scale production) and in the long run (able to finance investments and new developments); organization and ownership ensure economic advantages and performance control; competence development to facilitate use of new technologies. . Flexibility (to facilitate continuous development): system able to adapt to new external conditions (e.g. induced by climate change) and to new demands (e.g. caused by societal change) through adjustments in design and performance (through technical and organizational change). Currently, an example of an additional requirement on an urban water system is use of water (storm water, treated wastewater) for amenity in urban areas in order to enhance the quality of urban life.
Often in discussions of sustainability within the urban water sector the focus is given to ecological sustainability described by resources management and broadly defined environmental impact of the system. Indeed these issues make the main difference between the conventional approach to urban water management and an approach with an eye on increasing sustainability of the system. As the basic functions of urban water systems, sustainable or not, remain of primary importance, they are also discussed here. Economy and the scheme of responsibilities largely influence the actual state of the technical system and possibilities for implementation of new techniques and sustainable development of the system. The influence of economy and organizational structure of the urban water sector is discussed here with regard to factors suggested by Thomasson et al. (2005) .
In ecology a sustainable (surviving) ecosystem is flexible, being able to adapt to new conditions. It is argued here that sustainable urban water systems should also be characterized by a high degree of flexibility and abitity to adapt to new conditions and demands without detrimental effects on the quality (also environmental) of the services provided.
Flexibility is not an obvious demand to be put on an urban water system. On the contrary, urban technical infrastructure is constructed to be used for decades. What is meant by flexibility is, among other things, the possibility of using parts of the system in different combinations; being able to relocate resources within the system if needed; to change parts of a system when new conditions and new demands arise and when new knowledge and technical developments facilitate improvements; to offer a variety of possible technical solutions depending on local conditions. Also, Thomasson et al. (2005) postulate that system ability to adapt to different preconditions gives rise to a sustainable system.
Sustainability of Fukuoka's urban water system
The potential for sustainability of the example urban water system in Japan is discussed according to the conditions outlined in the previous section. The degree of sustainability is described in this analysis through a qualitative degree of satisfaction of each of the general demands as described above.
Basic functions
In Fukuoka City, many efforts have been made to satisfy water demand. Water resources are insufficient and various measures are taken to cope with water deficiencies. Water is transferred from a river basin situated outside Fukuoka City. Rainwater, reclaimed water and desalinized water are used.
The quality of water provided does not give rise to health problems due to pathogenic contamination or to sanitary inconvenience.
The water distribution system ensures high efficiency of water use and losses are minimized. Continuous control is applied to detect any technical failures in the network system. Conventional wastewater treatment technology is applied for treatment of used waters. Dams and channels are constructed for flood control and effects of floods are mitigated.
According to today's knowledge and technology the urban water system in Fukuoka satisfies its basic functions to a high degree supplying demanded water at an acceptable quality.
Use of natural resources
In the urban water sector large-scale, centralized, end-of-pipe solutions are applied. Separate collection, treatment and recycling of different streams of wastewater-a current trend in ongoing discussions on wastewater system redesign towards sustainability-is not an issue considered in Japan.
Water resources are recycled using advanced technology. Water recycling is implemented mainly to tackle water shortages. Water recycling introduced in Fukuoka City has proved to be successful. In terms of quality, reclaimed water could be used in households for toilet flushing, cleaning and washing; however, currently there are no incentives for introducing use of reclaimed water at household level.
Another "new water source" is rainwater. Rainwater harvesting for use for toilet flushing is promoted and easily implemented in those building which already use reclaimed water and have the required technical infrastructure. The disadvantage is that, commonly, roof areas are the only catchments considered for rainwater harvesting and usually are insufficient to cover the demand for water for toilet flushing.
In Fukuoka the struggle to develop new water sources led to the construction of a seawater desalinization plant. The main environmental disadvantage of the desalinization process is its high energy demand which in turn can have a negative effect on the environment.
According to today's knowledge and available technology it can be postulated that the urban water system in Fukuoka satisfies ecological sustainability to a low degree. Reclaimed water and rainwater are used as alternative water sources; however the scale remains small. Other resources present in the wastewater stream receive less attention. Commonly compost is produced from wastewater sludge but efficient nutrient recycling is not in focus. Energy consumption within parts of the urban water sector is high and water consumption remains large. To increase the sustainability of the studied urban water system more focus would be required on lowering water demand and expanding the use of water that can be obtained in the Fukuoka area (rainwater, reclaimed water).
Economy and organization
Awareness about the water supply system in society is claimed to be high and the reasons behind this are apparently the droughts and resulting severe water shortages during 1978 and 1994. These droughts brought much attention to water issues and the political will to invest in developing a robust urban water system; however, most attention has been given to water supply.
In Fukuoka, water and sewage systems are owned and managed by public organizations within the municipality. Politicians, the representatives of the system's owners-the public-prioritize providing satisfactory water services to inhabitants. There is no interest in generating profit from the urban water system and the water charges are set to satisfy the self-paying principle. The organizational disadvantage is that water supply and wastewater management are carried out by two different organizations which might lead to an inefficient water management system. FCWB and FCSWB (water and sewage works bureaus) might even be perceived as competitors, one selling drinking water and the other reclaimed water. A third competitor of increasing importance in the water supply market is the private water supply sector offering the service of individual groundwater uptake and treatment systems for large public and private buildings. Therefore merging the municipal departments of FCWB and FCSWB could potentially result in achieving organizational (better coordination), economic and environmental benefits (e.g. increased interest in reclaimed water use, lowering the "waste" load to the wastewater, and developing a more holistic view of the urban water sector). It could also contribute to lifting up the status of wastewater which currently receives less public and political attention. The role of wastewater in the water cycle is neglected in public campaigns although it is often wastewater discharged to surface waters by one municipality that becomes a water source for downstream municipalities.
Benefits from scale are easily obtained in a municipality providing services for 1.4 million inhabitants. Still, when the water transfer was planned a new administrative body was established responsible for the so-called development of new water sources for Fukuoka City and eight neighbouring municipalities. The aim was to ensure provision from large-scale operation and to avoid each municipality investing in its own infrastructure to transfer water. This is definitely a benefit from the economy-organization point of view (Thomasson et al., 2005) .
The double piping system adds to additional construction and maintenance costs but these are accepted by recycled water users in Fukuoka City as additional costs linked to doing business in the city. Use of reclaimed water is economically sound for public buildings: the price of reclaimed water is set at levels below the price of mains water supply.
Generally the water and wastewater system in Fukuoka, Japan, is characterized by a good administrative organization and good economy; it is able to raise sufficient economic resources for system management and future investments. FCWB has access to qualified personnel and is an attractive workplace. The degree of sustainability of this organization, in an analysis based on Thomasson et al. (2005) , can be classified as medium. The urban water system is performing very well with regard to water supply but wastewater issues receive less attention.
Flexibility
Flexibility of the urban water system in Fukuoka was improved by connecting drinking water supply plants and distribution nets into one net which is managed from the WDCC. This supports the smooth regulation of flows between different plants, covering deficiencies in one part of the city from plants situated in other parts of the city. Self-sufficiency of Fukuoka City with regard to water supply has increased through developments of new water sources (rainwater, reclaimed water, seawater).
There is a potential to further extend the use of reclaimed water to other uses (e.g. non-potable in households). Flexibility within the water supply sector is also improved by cooperation between municipalities regarding water transfer. Fewer options exist with regard to wastewater.
Efforts to obtain urban amenity from storm water can be noticed. In some places, the sides of open urban channels are decorated with works of art and vegetation, and are organized to encourage visitors (benches, possible access to water surface). These channels also provide habitat for wildlife including fish, turtles and ducks.
Overall, the flexibility of the urban water system in Fukuoka City is classified as medium.
Conclusion
The suggested framework for the analysis of potential sustainability of an urban water system supported the qualitative identification of features of the studied system that help in achieving sustainable development and those that are contradictory. For the studied example of Fukuoka City, Japan, the following conclusions are drawn:
1. The urban water system satisfies its basic functions well. 2. The ecological criteria of resource management within the urban water system indicated that improvements might be necessary. The positive trend is in developments in use of reclaimed water and rainwater as new water resources. Water consumption, energy consumption and resources carried in wastewater (nutrients) need attention. As shown in the case studies (Fukuoka Dome and Fukuoka ACROS) the water demand for toilet flushing in each building is larger than can be provided from rainwater harvested on the roof. To increase rainwater use other catchments may need to be considered. 3. Water and wastewater departments in the municipality are two separate organizations. The first one enjoys higher status and has the power to influence its own situation (e.g. wages, which are financed from water charges, which in turn are suggested by the water department itself). The wastewater department has lower status followed by fewer resources for development. 4. The water supply system is characterized by interesting new developments, high efficiency and a high degree of flexibility. Water reclamation is driven by a political will to develop new water sources.
The important lesson from Fukuoka, Japan, is that technically advanced systems for wastewater reuse and rainwater harvesting are practically feasible and economically sustainable. Tertiary treatment of wastewater provides good quality reclaimed water potentially suitable for a number of uses. Although energy demanding water reclamation represents a possible solution for dense urban areas experiencing shortage of water and space.
Promoting water saving equipment and increasing water saving awareness among consumers is a clear goal of the municipality. However, possibly because of the culture of water use (commonly more than one flush during one toilet use, frequent baths) and types of water-saving equipment implemented (e.g. water-saving toilets and washing machines with relatively large water use) water consumption per capita remains large. Further efforts to lower water consumption (e.g. through use of other types of water-saving equipment) might need to be considered.
To conclude, Fukuoka City's methods for tackling water shortages through controlling water demand, investments in increasing water distribution efficiency and utilization of alternative water sources (reclaimed water and rainwater) are all in line with increasing sustainability of an urban water system.
